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Introduction

The Cascade Range north of 47° latitude is composed predominantly of
probable Paleozoic and Mesozoic metamorphic rocks and Mesozoic and Tertiary
plutonic rocks (Misch, 1966; McKee, 1974).

Fringing and, in part, occurring within the complex crystalline core are
several Paleogene (one in part Cretaceous?) nonmarine arkosic sandstone
units. Although these units have been studied as part of various mapping
projects, primarily by workers at the University of Washington, few attempts
have been made to describe in detail the composition of these geographically
separated sandstone units (see an initial attempt by Pongsapich, 1970).

In this open-file report, I present point count data and sample
localities and discuss briefly the framework grain composition of the
Paleogene sandstone units. The results are preliminary and stem from an
ongoing U.S. Geological Survey mapping project in the area covered by the
Wenatchee 2° Sheet (120-122°W, 47-48°N).

A majority of the samples included in this report were collected by the
author. I am indebted, however, to the following colleagues for sharing with
me both samples and edifying thoughts: Rowland W. Tabor (RWT), John T.
Whetten (W), James D. Vine (V), James C. Yount (JY), and Betsey L. Mathieson
(BL). Martha J. Hetherington provided skilled assistance in the preparation

of tables and maps.



Brief Description of Units Studied

Correlation of the six units described in this report is summarized in
Figure 1, and their generalized outcrop areas are shown in Figure 2. The
Chuckanut Formation, the northwesternmost of the six units, is a strongly
folded, coal-bearing fluvial unit composed predominantly of well-stratified
light-tan sandstone with subordinate shale and conglomerate. Detailed
descriptions of the Chuckanut are found in Glover (1935), Weaver (1937), and
Miller and Misch (1963). Griggs (1970), on the basis of analysis of
palynomorphs, assigned an age of Late Cretaceous to early Eocene to the lower
half of the Chuckanut Formation. No contact has been found between the
Chuckanut Formation and any of the other units under consideration here.

Plate 1 and Table l1 show sample localities and point count data,
respectively, for the Chuckanut Formation.

The Swauk Formation is present in the western foothills of the Cascades

from the vicinity of the Stillaguamish River southward to the Yakima River and
in the area between the Yakima River and Mt. Stuart. The Swauk is composed
of crossbedded, moderately indurated, dark-colored sandstone that is
interbedded with carbonaceous shale, pebbly sandstone, and locally
conglomerate. Descriptions of this unit and its sub-units and the
stratigraphic relations with adjacent units are found in Tabor and others
(1977; see also Gresens and others, 1977; and Tabor and others, in press).
The Swauk ranges in age from early Eocene, based on zircon fission track ages
from intercalated tuffs, to perhaps as young as middle Eocene (J. Vance and C.
Naeser, 1977 and 1978, written comm.; Whetten, 1976; Frizzell and Tabor, 1977;
and Tabor and others, in press). Plate 2 and Table 2 show sample localities

and point count data, respectively, for the Swauk Formation.

1See page 5
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Fig. 2 - Map showing generalized outcraop pattern for
nonmarine sandstone units in Washington and locations
of Plates 1 thru 3. C, Chuckanut Formation; S Swauk
Formation; Ch, Chumstick Formation; M, Manastash
Formation; N, Naches Formation; PG,.Puget. Group.



]In Tables 1-Z, abbreviations of point count catagories

Mono quartz : monocrystalline quartz

Fol quartz agg : foliated quartz aggregate

Equi quartz agg : equidimensional quartz aggregate
Undif poly quartz agg : undifferentiated polycrystalline quartz aggregate
Chert : chert

Plagioclase - : plagioclase

Kspar + microcline : potassium feldspar + microcline
Clastic fragments : sedimentary rock fragments

Qtz mica tectonite : quartz mica tectonite

Micro hornfels ¢ microgranular hornfels

Felsitic vrf : felsitic volcanic rock fragment
Microlitic vrf : microlitic volcanic rock fragment
Misc vrf : miscellaneous volcanic rock fragment
Granitics : granitic rock fragment

Micas : micas (biotite + muscovite)
Pyriboles : pyroxenes + amphiboles

Epidote : epidote

Garnet : garnet

Calcite : calcite (some with hematite stain)
Kaolinite : kaolinite (?)

Chlorite : chlorite

A1t products : miscellaneous alteration products
Matrix : matrix

Misc : miscellaneous

Unknown : unknown
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The Chumstick Formation of Gresens and others (in press) is confined to
the Chiwaukum graben, a downfaulted block within the crystalline core. Its
white micaceous sandstone is intercalated with lesser amounts of shale,
conglomerate, fanglomerate, and rare siliceous tuff (Whetten, 1976; Gresens
and others, 1977; and (to be formally named in) Gresens and others, in
press). In addition to their utility as marker beds which help to define the
tructure of the fluvial rocks (Whetten and Laravie, 1976), the siliceous tuffs
yield middle to late Eocene fission-track ages from zircon (Whetten, 1976).
The contact between the Chumstick Formation and the Swauk Formation is the
western graben-bounding fault of the Chiwaukim graben, the Leavenworth fault
(Tabor and others, 1977 and in press). Plate 2 and table 3 show,
respectively, localities and point count data for the Chumstick Formation.

The Manastash Formation is present in an area south of the Yakima
River. It consists of relatively quartz-rich sandstone interbedded with
shale, conglomerate, and minor coal beds (Smith, 1904). The unit may be as
0ld as the Swauk Formation but could also be somewhat younger (Tabor and
others, 1977 and in press). Plate 2 and table 4 show, respectively,
localities and point count data for the Manastash Formation.

The lithologically heterogeneous Naches Formation consists of volecaniec
rocks ranging compositionally from rhyolite to basalt interbedded with
sandstone. This unit forms a north-trending body of rock that crosses the
Yakima River. It is described by Foster (1960) (and by Stout (1964) who
included the Manastash as part of the Naches). Estimates of its age range
from early Eocene to early Oligocene, based upon correlations with the Puget
Group (Foster, 1960) to as young as Oligocene (J. Vance and C. Naeser, pers

comm.,1977). Tabor and others (1978) consider it to be late Eocene and
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Oligocene (?). The Naches Formation is in fault contact with both the
Manastash Formation south of the Yakima River and Swauk Formation north of the
river. Plate 2 and table 5 show, respectively, localities and point count
data for samples from the Naches Formation.

The Puget Group underlies the Quaternary deposits of the Puget Lowland
southeast of Seattle. This heterogeneous group consists of a lower sandstone,
a middle volcanic sandstone, and an upper coal-bearing sandstone and ranges in
age from early Eocene to early Oligocene (Vine, 1969). Plate 2 and Figure 5
show localities, and table 6 shows point count data for samples from the Puget
Group.

Two units not described herein are the late Eocene Roslyn Formation and
the early and middle Oligocene Wenatchee formation of Gresens (1976). Tabor
and others (in press) summarize the lithology and age of the Roslyn, and
Gresens and and others (1977 and in press) the Wenatchee.

Methods

Thin sections from 155 samples of selected predominantly fine- to medium-
grained sandstone from the various units were stained for potassium
feldspar. Twenty-five categories of grain type were counted using methods
outlined by Dickinson (1970); the mean number of grains per section counted
was 490.

Raw point count data were converted to percentages (Table 7) using
methods modified from Dickinson (1970), Graham and others (1976), and K.
Helmold (pers. comm., 1978). The sum of total points counted was divided into
the unknown category which yielded percentage of total points which were
unknown when counted. The number of unknown counts were subtracted from total
points counted which yielded a figure that was divided into miscellaneous and
matrix. This yielded the percentage of the known components of the rock which

were either matrix or miscellaneous.

13
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The components micas, pyriboles, epidote, garnet, calcite, kaolinite (?),
chlorite, and alteration products were divided by the subtotal remaining after
the miscellaneous and matrix components were subtracted from their divisor.
After the percentages of the above eight categories were derived, the sum of
the eight categories was subtracted from their divisor.

The resulting difference consists of total framework clasts. The
framework clast total was then divided into all remaining categories of grain
types. From these percentages, framework grain parameters (Figure 3) can be
derived using methods outlined by Dickinson (1970) and Graham and others
(1976).

Total quartz (Q) was derived by adding chert and polycrystalline quartz
grains (collectively symbolized as Qp) to monocrystalline quartz grains(Qm).
Total feldspar (F) was derived by adding plagioclase (P) to potassium feldspar
(K). Sedimentary and metasedimentary lithic fragments (Ls) added to volcanic

lithic fragments (LV) yielded lithies (L) Which when added to QP produced
total lithies (LT)

These framework-grain parameters were variously combined to form ternary
ratios. Such ternary ratios have been used to compare suitable sandstone
units (Graham and others, 1976) or possibly to discriminate between sandstone
units from differing tectonic regimens (Dickinson and Suczek, 1978). The
components of the ternary ratios QFL and QFLT were taken directly from the
percentages derived from the point-count data. The components of the ratios
QMQPL, QPLVLS, and QuPK however, were summed and recalculated to 100 percent
before they were plotted on triangular diagrams. Ternary ratios and diagrams
are shown in Table 8 and Figure Y4, respectively. Note: The results in
Table 8 differ somewhat from those published elsewhere (Frizzell, 1979) for

two reasons: (1) data here published are based on more samples, and (2)
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(samples) (24) (41) (42) (15) (18) (15)

QFL 47,44,9 41,47,12  40,48,12 56,38,6 48,46,7 49,39,12
QMFLT 29,44,26  29,47,23 27,48,25 45,38,17 33,46,21 32,39,29

QuQpL 53,31,16  56,21,23 51,26,23 71,19,10 60,27,13 52,28,20
(29,17,9) (29,11,12) (27,14,12) (45,12,6) (33,15,7) (32,17,12)

Qplylg 65,19,15  48,30,22  54,42,4 71,24,6 68,23,9 59,28,14
(17,5,4) (11,7,5) (14,11,1) (12,4,1) (15,5,2) (17,8,4)

QMPK 40,47,14  38,52,10 36,53,11 54,36,11 42,55,4 44,43,13
(29,34,10) (29,40,8) (27,40,8) (45,30,9) (33,42,3) (32,31,9)

€/Q .37 .26 .31 .20 .30 .33
P/F 7 .85 .83 .76 .93 .79
L,/L .56 .57 .92 .80 .75 .65

Table 8 - Table of ternary ratios and secondary parameters for Six
nonmarine sandstone units from Washington. Numbers in parentheses
are recalculated to sum to 100 percent. See text for definitions

and derivation of ratios.
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differing methods of calculating LV were used. The previously published LV
included granitic lithic fragments which are here distributed to either QM, p,
or K depending upon which species was counted within the plutonic grain.

Three secondary parameters, essentially ratios of six of the above
mentioned framework grain parameters, are suggested by Dickinson (1970) as
refinements which may help describe a given unit. These include
polycrystalline quartz to total quartz (QM/Q), designated C/Q in Dickinson
(1970); plagioclase to total feldspar (P/F); and volcanic lithiec to lithies
(LV/L). These ratios are shown in Figures 3 and table 8.

Discussion of Data

All six sandstone units are predominantly either feldspathic or litho-
feldspathic subquartzose sandstones (terminology after Crook, 1960, and
Dickinson, 1970). Some samples of both the Naches and Manastash Formations,
however, are classified as quartzose sandstone; and the Chumstick Formation
contains samples more properly called feldspatholithic or lithic subquartzose
sandstone.

While all six units have generally uniform framework clast composition,
minor but significant differences exist between them. Basal or basement-onlap
portions of the units differ locally from the overall composition of the whole
unit, as do volcanic lithic sandstones and tuffaceous interbeds. Shown in
Table 2, for an example, is RWT-11-75, essentially a serpentinite sandstone
composed of serpentine clasts (here misc. vrf), opaques, and altered mafic
minerals (misc.) which were derived from the underlying serpentinite body.
Samples from these parts of the units have been excluded from the calculations
of average framework grain parameters.

The amount of monocrystalline quartz (QM) ranges from 25 to 45 percent,

with the Manastash Formation containing the most. Interestingly, while the
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Manastash has nearly the least polyerystalline quartz (Qp, 12 percent), it
still contains the most total quartz (Q, 56 percent). Chert content, not
summarized in Figure 3, varies greatly. The Chuckanut and Swauk Formations
contain 3 and 2 percent respectively; the Puget Group and Manastash Formation
contain 0.7 and 0.6 percent respectively; and the Naches and Chumstick
Formation have essentially no chert.

Plagioclase content ranges from 30 (Manastash Formation) to 42 (Naches
Formation) percent. The Naches Formation has the least potassium feldspar and
the Chuckanut Formation the most. The range in total feldspar is greater than
for plagioclase alone, but four of the units contain from 44 to U8 percent.

The Chuckanut and Swauk Formations and the Puget Group contain more than
3 percent sedimentary and metasedimentary lithic grains. The Chumstick
contains only 0.5 percent sedimentary lithic grains, but it has 11 percent
volecanic lithic grains. The high volcanic-lithic percentage in the Chumstick
is reflected by a sub-domain which trends to L on the QFL diagram (Fig 4a).

Dickinson (1970, p. T04-706 and table 4) gives "typical values for the
various grain parameters in subquartzose sandstones derived from either
idealized volcanic, plutonic, or "tectonic" provenances or mixtures of
different types of provenances within orogenic belts. (Dickinson (1970)
describes "tectonic" provenances as uplifted supracrustal strata composed
mostly of chert, sediments, and metasediments). Dickinson and Suczek (1978)
go one step further in stating that various triangular plots jointly
discriminate the chief tectonic-provenance types. Based upon their criteria
the following generalizations can be made about the units under consideration
without any knowledge of the source terrain.

The total quartz content (40 to 56 percent) and "special parameters" such

as mica (the mean amount of total mica, biotite plus muscovite, not shown in
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Figure 3, ranges from 4 to 9 percent) and chert indicate a combination of
plutonic and "tectonic" provenances. High feldspar content (38 to 48 percent,
45 percent overall mean) and lithic content (6 to 16 percent, 10 percent mean)
suggest a plutonic source.

The ratio of polycrystalline quartz to total quartz (QM/Q) averages
0.29. This value is between the plutonic (near 0) and "tectonic" (0.5+)
values.

Values for the plagioclase-to-total-feldspar ratio (P/F) are all between
0.75 and 1.0, which could be indicative of volcanic source terrane. The
values for the other two terranes, however, are cited as variable by Dickson
(1970). So evidence for a volcanic source terrane must be considered
inconclusive.

A volcanic source terrane for the Chumstick Formation is emphasized by
its high volcanic lithic to lithies ratio (LV/L) OF 0.92. The Chuckanut and
Swauk Formations, on the other hand, have LV/L ratios of 0.56 and 0.57
respectively, indicative of "tectonic" provenances. (Plutonic source terranes
have "variable" LV/L ratios) LV/L ratios for the other units are between these

extremes.
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SUMMARY

While all six sandstone units are predominantly feldspathic to
lithofeldspathic subquartzose sandstone, significant differences do exist
between them.

The data presented here and knowledge about the source terrane of these
terrestrial sandstones (predominantly the crystalline core of the Cascades)
verify, for this case, the generalizations made by Dickinson.

Although some uncertainty exists about the tectonic regimen within which
these sandstone units were deposited, framework grain composition and ternary
ratios provide some insight. The provenance was a combination of plutonic and
"tectonic" terranes, with a minor but significant volcanic component. This

provenance suggests a combination continental-block and magmatic-arc setting.
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